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S p e c t r a l  l i n e  r e c e i v e r s  r e q u i r e  a s p e c t r o m e t e r  t o  d i v i d e  t h e  d e t e c t e d  
s i g n a l  i n t o  a number o f  h i g h  r e s o l u t i o n  c h a n n e l s  fo r  d i s p l a y  a n d  a n a l y s i s  
of  a. m o l e c u l a r   l i n e   p r o f i l e .   S e v e r a l   t y p e s  of s p e c t r o m e t e r s   h a v e   b e e n  
d e v e l o p e d   f o r   r a d i o   a s t r o n o m y   r e c e i v e r s   w h i c h   u t i l i z e  Hi? f i l t e r s ,  m u l t i p l e  
o s c i l l a t o r s  a n d  m i x e r s ,  d i g i t a l  a u t o - c o r r e l s t o r s  a n d  a . c o u s t o / o p t i c  d e v i c e s .  
I n   t h e   i n f r a r e d  t h e  h e t e r o d y n c   r e c e i v e r   p l a c e s   s e v e r e   r e q u i r c n e n t s   o n  t h e  
s p e c t r o x e t e r ,  p a r t i c u l a r l y  i f  i t  is t o  be  used w i t h  B b a l l o o n  o r  s p a c e  
f l i T h t  r e c e i v e r .  
H e t e r o d y n e  s p e c t r o s c o p y  b q a n  30 y e a r s  ago w i t h  t h e  d i s c o v e r y  o f  l i n e s  
d u e  t o  hydrogen  ( H I )  a n d   t h e n   h y d r o x y l  ( O H )  i n  v z r i o u s  y a l a c t i c  gas c l o u d s .  
T n e s e   e a r l y   r e c e i v e r s   o p p r a t e d   a t  L-bend (1-2 GHz) and  used  maser  and 
p a r a m e t r i c   s m p l i f i e r s  t o  a c h i e v e   h i g h   s e n s i t i v i t y .   S u b s e q u e n t   h i g h e r  
f r e q u e n c y  r e c e i v e r s  r e v e a l e d  a n u m b e r  o f  g e i a c t i c  m o l e c u l u  s p e c i e s  ( f i g u r e  
1 ) .  A c t i v i t y  was p a r t i c u l a r l y  i n t e n s e  i n  t h e  mm s p e c t r u m ,   l e a d i n g  t o  t h e  
d i s c o v e r y   o f   o v e r  50 i n t e r s t e l l z r   m o l e c u l e s .  The s p e c t r a l   l i n e s   o f   t h c s e  
m o l e c u l e s   c o n t i n u e   i n t o  t h e  f a r  i n f r a r e d  ( F I R )  where l i n e  i n t e n s i t i e s  
s h o u l d   i n c r e a s e .   I n   a d d i t i o n   t o  t h e  r o t a t i o n a l   l i n c s  shown i n   f i q u r e  1 
t he re  a r e   v i b r a t i o n 2 1   l i n e s   o f   m o l e c u l e s   i n  t h e  i n f r a r e d .  T h i s  is 
i l l u s t r a t e d   i n  t h e  e n e r g y   l e v e l   d i a g r a m   i n  f igure  2. R o t a t i o n 3 1   l i n e s   o f  
S i0  a r e  shown as  b a r s  w h i l e  v i b r a t i o n a l  l i n e s  a r e  shown a s  a r r o w s   m a r k e d  6 
and 4~ The r o t a t i o n q l   l e v c l   s e p a r a t i o n s  are e x a g g e r a t e d ,  be ing  
a p p r o x i m a t e l y  1000 times w e z k e r   t h a n  t h e  v i b r a t i o n a l   l e v e l s .  The  m o l e c u l a r  
spF.ctrum f o r   O r i o n   ( F i g u r e  2 )  shows a w i d t h  o f  50 km/s w i t n  a s p e c t r a l  
d e t a i l   r e q u i r i n g  a r e s o l u t i o n  o f  < 1 km/s. Hence t h e   s p e c t r o m e t e r   a u s t  be 
c a p a b l e  of p r o v i d i n g   s e v e r a l   h u n d r e d   c h a n n e l s  w i t h  ;-? t o t a l  bandwid th  
a p p r o a c h i n g  100 km/s. 
A b l o c k   d i a g r a m  of a t y p i c a l  h e t e r o d y n e  r e c e i v e r  is shown i n  f i g u r e  3 .  
For most r e c e i v e r s  i n  t h e  i n f r ; r r e d   t h e   p h a s e l o c k   s y s t e m  is g e n e r a l l y  a 
f r e q u e n c y   s t a b i l i z e r .  I F  a m p l i f i e r s   v a r y  from bandwid ths  of 100 PlHz t o  
s e v e r a l  GHz dcpend inq   on  t h e  l i n e  w i d t h s  e x p e c t e d .   G e n e r a l l y  t he re  i s  a 
t r a d e  of f  between low n o i s e  and wide  bandwidth.   The G a A s  FET a m p l i f i e r  is 
now wide ly  used  because  of i t s  lobi n o i s e ,  power 2nd w e i y h t  . 
The HF s p e c t r o m e t e r  h 2 s  b e e n  d e v e l o p e d  a t  GSFC t o  p r o v i d e  v i d e  
bandwid ths  ( >  1 GHz) as  well as h i g h   r e s o l u t i o n  ( 5  HHz). T h i s  is  
a c c o m p l i s h e d   b y   d i v i d i n g   t h e  128 c h a n n e l  f i l t e r  b m k  i n t o  h i g h  and low 
r e s o l u t i o n   s e c t i o n s .  Thc h i q h   r e s o l u t i o n   s e c t i o n  is L u n e a b l e   b y   p r o v i d i n g  
a second  mixer   ahead  of t h e  f i l t e r  bank. T h i s  is n e c e s s a r y   b e c a u s e  
i n f r a r e d  r e c e i v e r s  w h i c h  u s e  qas l asers  a s  l o c a l  o s c i l l a t o r s  a r e  o n l y  
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t u n e a b l e  t o  s p e c i f i c  l aser  f r e q u e n c i e s .  To compensa te  for as t ronomicz .1  
d o p p l e r  sh i f t s  and m o l e c u l e  f r e q u e n c y  d i f f e r e n c e s  a s e c o n d  l o c a l  o s c i l l a t o r  
a n d   n i x e r  is needed .  A d i a g r a m  of t h e  RF s e c t i o n  of t h e  f i l t e r  bank is 
shown i n  f i g u r e  4.  
l’his RF s p e c t r o m e t e r  was d e s i g n e d  for  a lop CO l a s e r   r e c e i v e r .  The 
mixer i s  a HgCdTe d i o d e  made  by D.  S p e a r s   ( L i n c o l n  f a b ) .  Ou tpu t  o f  t h e  
m i x e r  is u s e a b l e  t o  1 . 5  GHz and so t h e  low r e s o l u t i o n  s e c t i o n  of  t h e  f i l t e r  
bank   has  a bandwidth  of 1 .6  GHz and a r e s o l u t i o n  of 2 5  I4Hz. The h i p h  
r e s o l u t i o n  s e c t i o n  h a s  a bandwidth  of 320 MHz and a r e s o l u t i o n  o f  5 KHz. 
T u n e a b i l i t y  is p r o v i d e d   b y  a ba lanced   mixer   2nd  osc i l le tors  which   tune  from 
1.6  t o  3 .2  GHz. T h i s  allows the h i g h  r e s o l u t i o n   s e c t i o n  t o  be s e t  at; any  
p o i n t  w i t h i n  t h e  l o w  r e s o l u t i o n  s e c t i o n  where t h e  s p e c t r a l  f e a t u r e  is 
l o c a t e d .   T h i s  is i l l u s t r a t e d   i n   f i y u r e  5 which shows a n  atmosphgric 
a b s o r p t i o n   l i n e  of Ozone as s e e n   a q a i n s t   t h e  solar  cont inuum.  The l e f t  
hand  spectrum is t h e  low r e s o l u t i o n  s e c t i o n  r u n n i n g  from 0 t o  1 . 6  GHz w i t h  
r e s p e c t  t o  t h e  CO l a se r  f r e q u e n c y .  The h i g h   r e s o l u t i o n   s e c t i o n  on t h e  
r i g h t  is set  on t2e wiqs of t h e  l i n e  p r o f i l e  and shows a 320 MHz d e t a i l  o f  
t h e  w i n g   s h a p e .   I n  terms of v e l o c i t y  for a n   a s t r o n o m i c a l   s o u r c e ,  1 km/s is 
e q u a l   t o   1 0 0  MHz a t  a m v e l e n q t h   o f  lop. Hence t h e  f i l t e r  bank  bandwidth 
c o r r e s p o n d s  t o  5 1 6  km/s a n d   2 3 . 2  km/s a n d   t h e   r e s o l u t i o n  t o  0 .25  kn/s   and  
0.05 km/s for  t h c  two s e c t i o n s .  
The RF d i a g r a m  i n  f i g u r e  4 starts a t  t h e  o u t p u t  of t h e  HqCdTe mixer  
where t h e  RF s i g n a l  goes t h r u  a b ias  T and a low n o i s e  p r e a m p  l o c a t e d  c l o s e  
t o  t h e   m i x e r   d e w a r .  A v a r i a b l e   a t t e n u a t o r  is a t  t h e   i n p u t   t o  t h e  f i l t e r  
bank rack a n d  p r o v i d e s  a l e v e l  se t  as  well a s  a r e i n o t e l y  c o n t r o l  zero 
f u n c t i o n  for  r e c o r d i n g   t h e  DC c h a n n e l  o f f se t s .  The s i g n a l  is t h e n   s p l i t   i n  
h a l f  f o r  t h e  0-1  and 1-2 Gh‘z a m p l i f i e r   c h a i n s .  After b o o s t i n g   t n e   s i z n a l  
l e v e l  to  100 mw it is s p l i t  by power dividers and fed t o  t h e  individual 
f i l t e r  t r a y s   w h i c h   c o n t a i n  8 f i l t e r s  e a c h .   I n   a d d i t i o n   t h e  0.1-2 GHz 
s i g n a l  is  s p l i t   t o   d r i v e   t h e   b a l a n c e d   n i x e r   a n d  t h e  h i g h  r e s o l u t i o n  
a m p l i f i e r   c h a i n s .   V a r i o u s   b a n d p a s s  f i l ters  are  p r e s e n t   i n  t h e  h i g h  
r e s o l u t i o n   s e c t i o n   t o   p r e v e n t   a m p l i f i e r   s a t u r a t i o n .  The RF s i g n r l   f r o m  
e a c h  f i l t e r  is p a s a e d   t h r o u g h  a s q u a r e  l a w  d e t e c t o r  so t h a t  t h e  v o l t a s e  
o u t p u t  is p r o p o r t i o n a l . t o  t h e  power   i npu t .  A v a r i a b l e   g a i n  op amp b o o s t s  
t h e  s i g n a l  l e v e l  a n d  t h e n  t h e  i n d i v i d u a l  c h a n n e l  o u t p u t s  are  s e n t  t o  an  
i n t e g r a t o r / m u l t i p l e x e r   w h i c h   i n t e g r a t e s   a n d   c o n v e r t s  t h e  s i g n a l s  t o  1 2  b i t  
numbers  which are a c c u m u l a t e d  s e p a r a t e l y  a s  s i g n a l  ar.d r e f e r e n c e  i n  a. 32 
b i t  m m o r y .   F u r t h e r   s y n c h r o n o u s   d e t e c t i o n   a n d   s p e c t r a l   p r o c e s s i r , ?  are done  
by an  LSI-11 computer  o r  HP 9830 c a l c u l a t o r  c o n n e c t e d  t o  a T e k t r o n i x  
t e r m i n a l .  T h i s  p r o v i d e s   o n   l i n e   s p e c t r a l   a n a l y s i s   c a p a b i l i t y  for  immediate 
r e t r i e v a l  of m o l e c u l a r  l i n e  p r o f i l e s .  
A 64  c h a n n e l  f i l t e r b a n k  was  developed for  u s e  w i t h  l o p  a n d  5OOp 
r e c e i v e r s .  The l o p  c o n f i g u r a t i o n  i s  s i m i l a r  t o  t h e   f i l t e r b a n k  d e s c r i b e d  
p r e v i o u s l y .  The 5 0 0 p  s y s t e m   r e q u i r e s   n a r r o w e r   b a n d w i d t h s   s i n c e  t h e  d o p p l e r  
s h i f t ,  is 2 Mliz f o r  1 km/s. The b a n k   c o n t a i n s  a 5 MHz low r e s o l u t i o n  
s e c t i o n   a n d  a 1 MHz h i u h   r e s o l u t i o n   s e c t i o n   w h i c h  are b o t h   t u n e a b l e .  The 
RF s e c t i o n  of t h e  s p e c t r o m e t e r  is shown i n   f i g u r e   6 .  A t  t h e  i n p u t  t o  t h e  
f i l t e r  bank is a mixer d r i v e n   b y  two t r a n s i s t o r  o s c i l l a t , o r s  which  can be 
selected t o  a c q u i r e  ar,y RF f r equency   up  t o  5 GHz. F o l l o w i n g  this there is 
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an o p t i o m l  a m p l i f i e r  a n d  a v a r i a b l e  a t t e n u a t o r  t o  p r o v i d e  t h e  correct g a i n  
o r  a t t enua t ion  to  set  t h e  l e v e l  i n  t h e  f i l t e r  c h a n n e l s .  Two a m p l i f i e r s   a n d  
a f i l t e r  b o o s t   a n d   b n n d l i m i t  t he  s i g n a l   b e f o r e  it is s p l i t  i n t o  t h e  h i g h  
a n d  low reso lu t ion  p a t h s .  A t  t h i s  p o i n t   t h e   h i g h   r e s o l u t i o n   s i g n a l  is s e n t  
t h r u   a n o t h e r  mixer t o  down c o n v e r t  it t o  165 MHz. F i n a l   p o w e r   a m p l i f i e r s  
t h e n   d r i v e   t h e   i n d i v i d u a l  f i l t e r  t m y s  t h r o u g h  a p o w e r   s p l i t t e r .   T h e  rest 
of t h e   s y s t e r n  is similar t o  t h c  128 c h a n n e l  f i l t e r  bank.   The  64 c h a n n e l  
s p e c t r o m e t e r   h a s   b e e n   u s e d   w i t h  E lop d i o d e  l a s e r  receivei' ( r e f .  1 ) .  
F i g u r e  7 shows some 32 c h a n n e l  s p e c t r n  of e x c e s s  n o i s e  it? t h e  m i x e r   c a u s e d  
b y  n o i s e  s i d e b a n d s  a n d  m u l t i p l e  m o d e s  i n  t h e  d i o d e  l a se r  l o c a l  o s c i l l a t o r .  
The first t h r e e   ( a , b   a n d   c )  show b r o a d b a n d   n o i s e  w i t h  d i f f e r e n t  s p e c t r a l  
s h a p e s .   T h e   n e x t  two ( d  and  e )  show beats b e t w e e n   d i f f e r e n t  modes of t h e  
l aser .  T h e   n u m b e r s   i n s i d e  t h e  f i g u r e s   i n d i c a t e   t h e   r e d u c t i o n  f a c t o r s  w h i c h  
were u s e d   o n   t h e   s p e c t r a   ( a , d   a n d  e > .  The l a s t  s p e c t r a   s h o w s   t h e  noise  of 
t h e   p r e a m p  w h i c h  h a s  been subtracted from the  o ther  spectra.  T h e s e  
f i q u r e s  i l l u s t r a t e  t h e  p r o b l c m  of d e s i a n i n q  a s p e c t r o m e t e r   w h i c h  is a b l e  t o  
cope w i t h  t h e  large d y n a m i c   r a n g e   i n  t h e  n o i s e   a n d  its chanT;e i n  s p e c t r a l  
s h a p e ,   w h i c h  is  d e t e r m i n e d   b y  t h e  m i x e r  RF r e s p o n s e   a n d  t h e  n o i s e  p r o f i l e  
o f  t h e  local o s c i l l a t o r .  
The 5 / 1  KHz c o n f i g u r a t i o n  of t h e  f i l t e r b a n k  is s c h e d u l e d  t o  be   u sed  
w i t h  a 5 0 0 ~  r e c e i v e r  ( r e f .  2 ,  3 a n d  4 ) .  F o r   a n   a s t r o n o m i c a l   s p e c t r o s c o p y  
e x p e r i m e n t   a t  t h e  MASA ?in t e l e s c o p e  on FIauna Kea i n  ;.lay, 19d0. D e s p i t e   t h e  
l a r q e  a t m o s p h e r i c   a b s o r p t i o n  ( >  10 d b )   s e v e r a l   i n t e r s t e l l a r  o r  p l a n e t a r y  
m o l e c u l e s   s h o u l d   b e   d e t e c t e d .   T h i s  is t h e  f irst  major a s t r o n o m i c a l  
s p e c t r o s c o p y   e x p e r i m e n t   i n  t h e  500 m i c r o n   r e q i o n   a n   s h o u l d   q i v e   a n  
i n d i c a t i o n  of t h e  i n t e n s i t y ,   w i d t h   a n d   c o m p l e x i t y  o f  fa r  i n f r z r e d   m o l e c u l a r  
p r o f i l e s  o n  whicn t o  base f u t u r e  s p e c t r o m e t e r  d e s i z n s .  
The  RF s p e c t r o m e t e r  will c o n t i n u e  t o  p r o v i d e  t h e  b e s t  me?ns of 
a c h i w i n g   u l t r a - w i d e   b a n d w i d t h s  f o r  i n f r a r e d   h c t e r o t i y n e   r e c e i v e r s .  For 
h i g h  r e s o l u t i o n  w i t h  a l a r s e  n u m b e r   o f   c h a n n p l s ,  t h P  a c o u s t o / o p t i c a l  
s p e c t r o m e t e r  will be t h e  p r i n c i p l e   i n s t r u r n s n t ,   p a r t i c u l a r l y  f o r  b a l l o o n  o r  
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Figure 2.-  The spectrum and energy 
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level diagram €or the Si0 molecule 
i l l u s t r a t i n g  t h e  d r a m a t i c  d i f f e r e n c e  between the  ground S t a t e  (V=O) 
and f i rs t  v i b r a t i o n a l  s t a t e  ( v = l )  of the molecule. 
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Figure  3.-  Block diagram of a he te rodyne  rece iver .  
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Figure  4.- 128  channel filter bank RF s e c t i o n :  a t t e n u a t i o n  of pads  between 
ampl i f i e r s  is i n d i c a t e d  i n  db, ga in  and bandwidth of ampl i f i e r s  i s  shown 
ins ide  boxes ,  f i l t e r  bandwid ths  are a l s o  shown and  power d i v i d e r s  are 
ind ica t ed  as + 2 ,  f4 and +8 .  Numbers underneath  amplifier  boxes are 
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Figure 5.- Solar absorption spectrum of ozone. Low reso lu t ion  sec t ion  is  1.6 GHz wide and high 
reso lu t ion  sec t ion  is 320 MHz wide. 
Mixer / Amp 
r"""""- 1 
RF n - Filter - A ' 7n l-" 1032- I252 4 3 0 d b  k '1 "" Y  -r t AMT 2002 ABM 2012 r ? I 
- 2  Hybrid lo  RF Osc 
osc  osc 
- 






I MHz Y 
Filter - 
Trays 
- 4 .  30 db Fi  Iter 30 db 
AWP 1000 'I4'- 183 'AWL l2dO 
Figure 6.- 64 c h a n n e l  f i l t e r  bank R F  s e c t i o n  showing  wideband t u n a b i l i t y  
of the  spec t rometer  us ing  a mixer and t r a n s i t o r  o s c i l l a t o r .  
382 
+ 1.6 
+ +  
, + +  
* a  
..+.......*...+...*...*...*... 
... ...*.......+......."..+ .... 
. . . . . . . .  . . , . a  . . . . . . . . . . . . .  
. "..I..".--*--- 




t -  
+ I  
il  ..+...+...+...+...+...+"..--- 
I100 700 3( 
FREQUENCY (MHz) 
+ I  










I loo 700 300 
I .."" " . > 
Figure 7.- 32 channel spectra of a lop laser  diode receiver .  The preamp 
spectrum ( f )  has  been subtracted from the other spectra so that  they 
show only  the  excess  noise due t o  t h e  l a s e r .  ( d )  and ( e )  i l l u s t r a t e  
multiple mode beats  from the  l a se r .  Numbers inside boxes indicated 
reduction factors for that spectrum. 
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